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METHOD AND APPARATUS FOR PROCESSING DIGITAL PIXEL OUTPUT SIGNALS 

BACKGROUND 

1 . Field of the Invention 

The invention relates to processing pixel output signals and, more particularly, to 
processing digital pixel output signals. 
5 2, Background Information 

With advances in digital technology, digital cameras, that is, cameras that represent the 
intensity of light for a given pixel location of an image in a binary digital signal format, such as 
with bits, are becoming more prevalent. One disadvantage of the use of such cameras, however, 
is the noise or offset that is sometimes encountered with the use of digital imaging arrays, such 
10 as arrays that employ charged couple device sensors or complementary-metal-oxide 

semiconductor sensors, hereinafter referred to as CCD sensors and CMOS sensors, respectively, 
in order to address this so-cafled fixed pattern noise {FPN), one technique that has been employed 
;:f; (s to read a "dark image" into memory, such as by preventing the sensors of the array from being 
£ exposed to light at a set of substantially predetermined parameters including, for example, 
IE exposure, temperature and gain factor, and storing the resulting digital pixel output signals. Then, 
O that stored dark image is subtracted from the image of interest produced using the digital imaging 

array. Typically, in either hardware or software, the digital camera would ensure that 
^ corresponding pixel output signals for the desired image and the dark image are associated so that 
S^; they may be appropriately subtracted or compared. However, the presence of this noise and the 
2oC approach employed to address it introduces additional complexities into the processing of an 
"4 image that are not present for cameras that store a signal value for the intensity of a pixel in a 
format other than a binary digital signal format. A need therefore exists for techniques to address 
the complexities that digital cameras employing these sensors present . 

25 SUMMARY 

Briefly, in accordance with one embodiment of the invention, a digital camera includes: a 
digital imaging array including a plurality of pixels, and image processing circuitry to process the 
digital pixel output signals produced by the imaging array. The imaging processing circuitry is 
adapted to process saturated digital pixel output signals differently from non-saturated digital pixel 
30 output signals. 

In accordance with another embodiment of the invention, at least one integrated circuit 
includes image processing circuitry. The image processing circuitry is adapted to process digital 
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pixel output signals produced by a digital imaging array. The image processing circuitry is further 
adapted to process saturated digital pixel output signals differently from non-saturated digital pixel 
output signals. 

In accordance with yet one more embodiment of the invention, a method of processing 
5 digital pixel output signals produced by a digital imaging array includes processing saturated digital 
pixel output signals differently from non-saturated digital pixel output signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particularly pointed out and distinctly 
10 claimed in the concluding portion of the specification. The invention, however, both as to 

organization and method of operation, together with objects, features, and advantages thereof, 
may best be understood by reference to the following detailed description when read with the 
accompanying drawings in which: 

FIG. 1 is a block diagram illustrating the logical operation of an embodiment of an 
i2 apparatus for processing digital pixel output signals in accordance with the invention; 
S FIG. 2 is a flow chart illustrating an embodiment of a method for processing digital pixel 

% output signals in accordance with the invention; and 

CI: FIG. 3 is a block diagram illustrating a hardware embodiment of an apparatus for 

5l' processing digital pixel output signals in accordance with the present invention. 

J DETAILED DESCRIPTION 

C^' In the following detailed description, numerous specific details are set forth in order to 

^: provide a thorough understanding of the invention. However, it will be understood by those 
skilled in the art that the present invention may be practiced without these specific details. In 
25 Other instances, well-known methods, procedures, components and circuits have not been 
described in details so as not to obscure the present invention. 

As previously described, digital cameras are becoming more common due, at least in part, 
to improvements in digital technology. Therefore, imaging arrays comprising CCD and CMOS 
sensors are being deployed. One aspect, however, associated with the use of such sensors, is the 
30 presence of fixed pattern noise (FPNl. In order to improve the quality of the resulting image 

produced using imaging arrays comprising such sensors, one technique is to acquire a dark image, 
store it in memory, such as random access memory (RAM) or dynamic RAM (DRAM), use the 
imaging array to acquire an image of interest, and then subtract or remove the stored dark image 
from the image of interest. Therefore, the FPN is collected by restricting the sensors from being 
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exposed to light, preferably as close as possible to a set of parameters, such as the exposure, 
temperature and gain factor, employed to produce the image of interest, and storing the resulting 
digital pixel output signals. In general, it is desirable to acquire the dark image under conditions 
that mimic the conditions for the image of interest as closely as possible. Likewise, a digital 
camera including an image processing will also include digital camera or imaging array circuitry 
adapted to process digital pixel output signals produced by the imaging array. Therefore, the 
circuitry will synchronize the corresponding digital pixel output signals produced for the image of 
interest and for the dark image so that they may be subtracted from each other or compared. It 
will, of course, be appreciated by one of ordinary skill in the art that this processing may be 
implemented purely in hardware or alternatively in software executing on a hardware platform, 
such as including a processor, such as a microprocessor or digital signal processor, for example. 
In this context, the term circuitry is intended to refer to and include any hardware, whether special 
purpose hardware, general purpose hardware with special purpose software, ''firmware", or any 
combination thereof. 

As previously described, one problem with this approach or technique is that it introduces 
additional complexity in comparison with approaches that do not employ binary digital signals or 
bits. For example, when employing binary digital signals of a fixed length, the dynamic range for 
the intensity of light received by a pixel of the imaging array is inherently limited. Therefore, when 
a pixel is exposed to an intensity of light that exceeds that dynamic range, the image quality is 
affected because the digital pixel output signal becomes saturated or clipped and, therefore, the 
output signal of the pixel is not an accurate representation of the intensity of the light to which 
the pixel was exposed. A typical situation in which this might occur, for example, is referred to as 
"specular reflection". In this context, specular reflection refers to light directly reflected into the 
sensor from a very intense or bright source, such as the sun, for example. As a result, the 
dynamic range of the intensity for all the image features is usually welt beyond the capability of a 
digital sensor, leading to signal clipping. Therefore, in a situation where a subset of the pixels of 
the imaging array are saturated or produce clipped pixel output signals, the technique previously 
described of subtracting the dark image may introduce additional noise into the image rather than 
reducing the presence of noise, as is the desired result. 

Although both CCD and CMOS sensors produce FPN, with state of the art technology 
CMOS sensors typically exhibit a greater amount. The source of FPN may come from a variety of 
factors, however, typically includes minute defects in the fabrication process of the CMOS sensor. 
Other factors that may produce such noise include the imaging array circuit design or the 
geometry of the array. 
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An embodiment of a digital camera in accordance with the present invention, such as 
illustrated by embodiment 300 in FIG. 3, includes a digital imaging array 310 comprising a plurality 
of pixels made up of sensors, such as CCD and CMOS sensors, for example. In addition, digital 
camera 300 includes image processing circuitry to process the digital pixel output signals 
5 produced by the pixels of the imaging array. For example, as illustrated in FIG. 3, in this 

embodiment, the digital pixel output signals each comprising 10 bits are provided at 12 MHz to 
capture interface circuitry 320, although the invention is not limited in scope in this respect. This 
raw image data in the form of binary digital signals ts then provided to a dark fixed pattern noise 
(DFPN) reduction or removal unit 340. In removal mit 340, the digital pixel output signals for the 
10 desired image are compared with the digital pixel output signals for the dark image. The digital 
pixel output signals for the dark image are produced using imaging array 310, as previously 
described, and those digital pixel output signals are stored, in this particular embodiment, by a 
RAM table 330 using a data flow controller, such as a direct memory addressing (DMA) controller 
390, and DRAM controller 380. Of course, the invention is not limited in scope to this memory 
l^i architecture. When the dark image is produced and stored, the aspect of the removal unit that 
43 performs the subtraction is bypassed. Therefore, when the desired image is produced, the dark 
2 image is retrieved from memory 330 and the resulting binary digital signals produced by 
O subtracting the dark image from the desired image are then provided to compander look-up table 
m (LUT) 350. As illustrated in FIG. 3, the binary digital signals are provided to compander LUT 350 
2(f as 10 bits and are then provided from the compander as 8 bits for the remaining image 

processing. In addition, FIG. 3 illustrates that in this embodiment a color tag is also provided. In 
h this particular embodiment, although the invention is not limited in scope in this respect, the color 
tf3 tag provided designates a color plane for a digital pixel output signal. Any one of a number of 
possible color spaces may be employed; however, one such color space is the Red-Green-Blue 
25 (RGB) color space. Therefore, three images representing different colors are produced and 

processed rather than a single image and, in this embodiment, a color tag is provided with each 
image. In this embodiment using compander LUTs, three compander LUTs, one corresponding to 
each color, are employed. If will, of course, be appreciated that the invention is not limited to 
producing color images or to the RGB color space. 
30 One aspect of this embodiment of the digital camera in accordance with the present 

invention is that the imaging array circuitry is adapted to process saturated digital pixel output 
signals differently from non-saturated digital pixel output signals. This aspect of this particular 
embodiment is illustrated in greater detail in FIG. 1, although, again, the invention is not limited in 
scope to this particular embodiment. As illustrated in FIG. 1, the image is first captured or 
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acquired, as illustrated by block 1 10. The uncorrected digital pixel output signals are then 
provided to saturation detect and control logic 120. If a particular digital pixel output signal is not 
saturated, the captured uncorrected signal value is provided to node 1 30 so that the 
corresponding signal value of the dark image may be subtracted- However, this subtraction does 

5 not occur if the saturation detect and control logic indicates that the particular digital pixel output 
signal of the desired image is saturated. In this embodiment, this saturation detect and control 
logic is included in dark fixed pattern noise removal unit 340. As previously described, the dark 
image is acquired and stored prior to producing and storing the desired image. Therefore, as 
illustrated in FIG, 1, DRAM controller 160 and DMA 170, respectively, provide the stored digital 

10 pixel output signals and the corresponding address in this particular embodiment. Of course, the 
invention is not limited in scope in this respect. Therefore, in this embodiment, line buffer 1 50 
then provides the corresponding digital pixel output signals of the dark image to be processed with 
the uncorrected digital pixel output signals of the desired image that was captured as indicated by 
block 110. Once the subtraction has occurred, the corrected digital pixel output signals are then 

ig provided to compander LUT 140, as illustrated in FIG. 1 . 

S In this particular embodiment, although the invention is not restricted in scope in this 

respect, as previously described, 10 binary digital signals or bits are used to represent an intensity 
U level. Therefore, a digital pixel output signal is clipped or saturated when 10 ones or a 
rS hexadecimal signal value "SFF" is detected. Therefore, in one particular embodiment of a digital 
20 camera or digital camera circuitry in accordance with the present invention, when the signal value 
^' "SFF" is detected as the digital pixel output signal for a particular pixel of the desired image, 
C instead of subtracting the corresponding digital pixel output signal of the dark image for that pixel, 
5 the subtraction is bypassed or turned "off/ as indicated, for example, in FIG. 1. The saturated 
'"^'^ signal value is provided to compander LUT 140 in FIG, 1 or 350 in FIG. 3. 
25 This embodiment is also illustrated by the flow chart of FIG. 2. In this embodiment, an 

uncorrected digital pixel output signal is received by the removal unit at block 210. At block 220, 
a decision is made regarding whether the dark fixed pattern noise reduction or removal feature is 
"turned on." This feature would not be turned on, for example, where the dark image is being 
acquired and stored. In this case, as illustrated in FIG. 2 at block 270, these processed binary 
30 digital signals are passed to the next stage, which in this particular embodiment results in applying 
these signals to the compander. However, if this feature is "turned on," and a saturation special 
case has been encountered, the circuitry detects whether the signal value equals "SFF" in this 
particular embodiment, as illustrated by block 240. If not, then the corresponding signal value 
from the dark image is subtracted as indicated by block 260. However, if this binary digital signal 
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value is detected, i.e., "3FF" in this embodiment, then instead of performing the subtraction, this 
particular binary digital signal value is passed through as the binary digital signal value "SFF," as 
indicated by block 250. 

In yet another embodiment of a digital camera in accordance with the present invention, 

5 the saturated digital pixel output signals are processed differently from the non-saturated pixel 
digital output signals; however, this different processing includes more than bypassing the 
subtraction of the corresponding digital pixel output signals of the dark image. For example, in 
one embodiment, an average dark fixed pattern noise level may be subtracted from all the 
saturated binary digital signal values. This approach provides several advantages. Due to the 
10 nature of the fixed pattern noise, typically the dark image signal values that would be subtracted 
in the absence of an embodiment for the present invention would be non-uniform and, therefore, 
would provide an uneven or patchy appearance to the image if subtracted from saturated signal 
values. More specifically, the human aye would expect the image in this region to be uniform or 
clipped and by subtracting the dark image signal values, noise would thereby be introduced. 
Therefore, it is desirable to subtract an average value rather subtract the particular signal vafues of 

is the dark image from the corresponding saturated signal values. Furthermore, where saturated 
signal values are encountered, the relative intensity of those saturated values in comparison with 

O the non-saturated values would be greater than desired if the dark image signal values were 

subtracted from only the non-saturated signal values, This may undesirably affect the appearance 
of the image to an observer. Therefore, it would also be desirable if a value could be subtracted 
from the saturated signal values to reduce this relative intensity. This subtraction reduces or 

C avoids a waste of the dynamic range available that comes from a high relative intensity. 

% Any one of a number of techniques to obtain the average signal value to be subtracted 

^''i from the saturated signal values may be employed. In this particular embodiment, the signal 
25 values of the dark image are sampled to produce a mean and standard deviation and thereby 
approximate the level of the fixed pattern noise. Of course, a variety of different sampling 
techniques may be employed in different embodiments. For example, it may be desirable to 
sample only in the saturated regions of the desired image. Alternatively, it may be desirable to 
examine the standard deviation and, depending upon the value of the standard deviation, 
30 subsample regions of the image in order to reduce the standard deviation. Likewise, trends in the 
noise may be observed by processing selected portions of the dark image, such as where, for 
example, the mean and/or deviation may be larger in one portion of the image than in another. 

Likewise, in another embodiment of the invention, subtracting the value determined as the 
average dark fixed pattern level signal value may be incorporated in the processing implemented 
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by the compander iook-up table so that this subtraction operation may be combined with other 
operations ,such as a compander operation and an operation to adjust for the differences between 
color response of the sensor and the human eye, referred to as a gamma operation. More 
specifically, in one embodiment, although the invention is not limited in scope in this respect, in 
5 the compander operation, ten bits are received and from this eight bits are produced. This is a 
substantially non-linear operation implemented using a look-up table. A reason this particular 
operation is substantially non-linear is because this operation is intended to reflect or correspond 
to the response of the human eye to light. Therefore, in this particular embodiment, the values for 
the LUT are arrived at by beginning with an analytical model of this response and then adjusting it 
10 empirically. Likewise, a gamma operation is also employed to adjust the color response of the 
resulting image. More specifically, in this particular embodiment, a color filter array (CFA) is 
included inherently in the imaging array sensors, although this may be accomplished may ways 
and the invention is not restricted in scope in this respect or even to employing a CFA. Therefore, 
a gamma operation is employed in order to invert or remove the affect this color filter array has 
ik; had on arriving at calibrating color in the resulting image. Also, in this particular embodiment, as 
Q previously described, the signal value determined to be or represent the level of the dark image 
"i; pattern fixed noise may likewise be subtracted. Furthermore, in this embodiment, because the 
O value of a clipped or saturated digital pixel output signal value is known, subtraction may be 
% implemented by merely storing the signal value to be subtracted. Of course, the invention is not 
20 restricted in scope in this respect* As is well-known, the three operations previously described 
J may be combined and implemented using a single look-up table. Although the precise steps to 
O accomplish this are not discussed here, such techniques are clearly within the level of skill of one 
3 of ordinary skill in the art to which this invention pertains. Again, as previously described, 
different look-up tables are employed for each color plane in this embodiment, although the 
25 invention is not limited in scope in this respect. 

In yet another embodiment of a digital camera in accordance with the present invention, 
imaging processing circuitry may include the capability to identify saturation regions of the image 
before processing the saturated digital pixel output signals differently than the non-saturated 
digital pixel output signals. More particularly, in one embodiment, for example, the removal unit 
30 may be adapted to check the output signals of bordering pixels for a pixel producing a saturated 
output signal to verify that all the immediately adjacent pixel output signals are also saturated. In 
one embodiment, if not all are saturated, then this saturated signal value may not be processed 
differently. Alternatively, ff a particular number of signal values in the surrounding region are 
detected to be saturated, then the output signals for pixels that are in that region and saturated 
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may be processed differently. Other embodiments to determine and/or designate a region of 
saturated digital pixel output signal values may be employed. Likewise, where a saturated digital 
output signal value is identified, the image processing circuitry may include the capability to 
determine that it is not in a region of saturated signal values. For example, where the saturated 
5 signal value is an isolated saturated signal value, no different processing in comparison with non- 
saturated pixel output signals might be employed. Again, alternative approaches may be 
employed. 

Of course, as previously indicated, embodiments may be implemented a variety of ways. 
For example, as previously described, the processing may be "hardwired." Alternatively, as 
10 previously described, a processor, such as a DSP or microprocessor, may be loaded with software 
that, when executing on the processor, performs the desired operations. Alternatively, an 
embodiment may be implemented in firmware as well. Although the invention is not limited in 
scope in this respect, it is typically more desirable to implement embodiments in ways that result 
in higher speed processing due to the relatively high number of binary digital signal values or bits 
to be processed. 

C White certain features of the invention have been illustrated and described herein, many 

5 modifications, substitutions, changes and equivalents will now occur to those skilled in the art. It 

is, therefore, to be understood that the appended claims are intended to cover ail such 
m modifications and changes as fall within the true spirit of the invention. 
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Claims: 

1 , At least one integrated circuit comprising; 
image processing circuitry; 
said image processing circuitry being adapted to process digital pixel output signals 
produced by a digital imaging array; 

said image processing circuitry being adapted to process saturated digital pixel output 
signals differently from non-saturated digital pixel output signals. 

2- The at least one integrated circuit of claim 1, wfierein said imaging array includes imaging 
array sensors; 

said image processing circuitry being adapted to process saturated digital pixel output 
signals by subtracting an estimate of the dark image fixed pattern noise for said imaging array 
sensors. 

3. The at feast one integrated circuit of claim 2, wherein said image processing circuitry is 
adapted to estimate the dark fixed pattern noise by sampling from a dark image comprising stored 
digital pixel output signals. 

4. The at least one integrated circuit of claim 3, wherein said image processing circuitry is 
adapted to sample the dark image in regions corresponding to the regions of saturated digital pixel 
output signals in an image of interest. 

5. The at least one integrated circuit of claim 2, wherein said image processing circuitry is 
adapted for use with imaging array sensors comprising at least one of a CCD sensor and a CMOS 
sensor. 

6. The at least one integrated circuit of claim 1, wherein the image processing circuitry 
comprises fixed pattern noise reduction circuitry. 

7. The at least one integrated circuit of claim 6, wherein the fixed pattern noise reduction 
circuitry comprises dark fixed pattern noise reduction circuitry. 

8. The at least one integrated circuit of claim 1, wherein said image processiog circuitry is 
adapted to detect regions of saturated digital pixel output signals In an image of interest. 

9. A digital camera comprising: 

a digital imaging array comprising a plurality of pixels, and imaging processing 
circuitry to process the digital pixel output signals produced by said imaging array; 

said imaging processing circuitry being adapted to process saturated digital pixel 
output signals differently from non-saturated digital pixel output signals. 

10. The digital camera of claim 9, wherein said imaging array includes imaging array sensors; 
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2 said image processing circuitry being adapted to process saturated digital pixel 

3 output signals by subtracting an estimate of the dark image fixed pattern noise for said 

4 imaging array sensors. 

1 11. The digital camera of claim 10, wherein said image processing circuitry is adapted to 

2 estimate the dark fixed pattern noise by sampling from a dark image comprising stored digital pixel 

3 output signals* 

1 1 2. The digital camera of claim 11, wherein said image processing circuitry is adapted to 

2 sample the dark image in regions corresponding to the regions of saturated digital pixel output 

3 signals in an image of interest. 

1 13. The digital camera of claim 10, wherein said image processing circuitry is adapted for use 

2 with imaging array sensors comprising at least one of a CCD sensor and a CMOS sensor. 

1 14. The digital camera of claim 9, wherein the image processing circuitry comprises fixed 

2 pattern noise reduction circuitry. 

1 5. The digital camera of claim 14, wherein the fixed pattern noise reduction circuitry 
g comprises dark fixed pattern noise reduction circuitry. 

1 6, The digital camera of claim 9, wherein said image processing circuitry is adapted to detect 
|E regions of saturated digital pixel output signals in an image of interest. 

1 7 A method of processing digital pixel output signals produced by a digital imaging array 

Si comprising: 

processing saturated digital pixel output signals differently from non-saturated digital pixel 

iJ output signals. 

l?i 18. The method of claim 17, wherein said imaging array includes imaging array sensors; 

M3 and further comprising estimating the dark image fixed pattern noise for said imaging array 

3 sensors; 

4 wherein processing saturated digital pixel output signals differently includes subtracting an 

5 estimate of the dark image fixed pattern noise for said imaging array sensors. 

1 1 9. The method of claim 18, wherein estimating the dark fixed pattern noise comprises 

2 sampling from a dark image comprising stored digital pixel output signals. 

1 20. The method of claim 1 9, wherein sampling from a dark image comprises sampling the dark 

2 image in regions corresponding to the regions of saturated digital pixel output signals in an image 

3 of interest. 

1 21 . The method of claim 18, wherein said imaging array sensors comprise at least one of a 

2 CCD sensor and a CMOS sensor. 
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1 22. The method of claim 1 7, wherein processing saturated digital pixel output signals 

2 comprises fixed pattern noise reduction processing. 

1 23. The method of claim 22, wherein fixed pattern noise reduction processing comprises dark 

2 fixed pattern noise reduction processing. 

1 24. The method of claim 1 7, wherein processing saturated digital pixel output signals includes 

2 detecting regions of saturated digital pixel output signals In an image of interest. 
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Abstract 

Briefly, in accordance with one embodiment of the invention, a digital camera includes: a 
digital imaging array including a plurality of pixels, and image processing circuitry to process the 
digital pixel output signals produced by the Imaging array. The imaging processing circuitry is 
adapted to process saturated digital pixel output signals differently from non-saturated digital pixel 
output signals. 

In accordance with another embodiment of the invention, at least one integrated circuit 
includes image processing circuitry. The processing circuitry is adapted to process digital pixel 
output signals produced by a digital imaging array. The image processing circuitry Is further 
adapted to process saturated digital pixel output signals differently from non-saturated digital pixel 
output signals. 

In accordance with yet one more embodiment of the invention, a method of processing 
digital pixel output signals produced by a digital imaging array includes processing saturated digital 
pixel output signals differently from non-saturated digital pixel output signals. 
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Attorney's Docket No.: 42390.P5319 PATENT 
DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 



(FOR INTEL CORPORATION PATENT APPLICATIONS) 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below, next to my name. 

I believe I am the original, first, and sole inventor (if only one name is listed below) or an original, 
first, and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

METHOD AND APPARATUS FOR PROCESSING DIGITAL PIXEL OUTPUT SIGNALS 

the specification of which 

X is attached hereto. 

was filed on as 

United States Application Number 

or PCT International Application Number 

and was amended on . 

(if applicable) 

I hereby state that 1 have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment referred to above. I do not 
know and do not believe that the claimed invention was ever known or used in the United States of 
America before my invention thereof, or patented or described in any printed publication in any 
country before my invention thereof or more than one year prior to this application, that the same 
was not in public use or on sale In the United States of America more than one year prior to this 
application, and that the invention has not been patented or made the subject of an inventor's 
certificate issued before the date of this application in any country foreign to the United States of 
America on an application filed by me or my legal representatives or assigns more than twelve 
months (for a utility patent application) or six months (for a design patent application) prior to this 
application. 

I acknowledge the duty to disclose all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d), of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified below 
any foreign application for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed: 
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Prior Foreign Application(s) 



Priority 
Claimed 



(Number) (Country) (Day/Monthnrear Filed) Yes No 



(Number) (Country) (Day/MonthA'ear Filed) Yes No 



(Number) (Country) (Day/Month/Year Filed) Yes No 

I hereby claim the benefit under title 35, United States Code, Section 119(e) of any United States 
provisional appljcation(s) listed below 



(Application Number) Filing Date 



(Application Number) Filing Date 

I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, United States Code, Section 112, I acknowledge the duty to disclose all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the prior application and the national 
or PCT international filing date of this application: 



(Application Number) Filing Date (Status ~ patented, 

pending, abandoned) 



(Application Number) Filing Date (Status - patented, 

pending, abandoned) 
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I hereby appoint Aloysius T. C. AuYeung, Reg. No. 35,432; William Thomas Babbitt, Reg. No 39,591; 
Jordanft/libhael Becker, Reg. No. 39,602; Bradley J Bereznak, Reg No. 33,474, Michael A. Bernadicou. 
Reg No. 35,934; Roger W. Blakely, Jr., Reg. No. 25,831; Gregory D. Caldwell Reg. No 39,926, Kent M. 
Chen Reg. No. 39,630; Lawrence M. Cho, Reg. No. 39,942; Thomas M. Goes ter, Reg. No. 39 637; 
Rolarid B. Cortes, Reg. No. 39,152; William Donald Davis, Reg. No. 38,428; Michael Anthony DeSanctis, 
Req No 39,957; Daniel M. De Vos, Reg. No. 37,813; Tarek N. Fahmi, Reg. No. 41,402; James Y. Go, 
Reg No! 40 621; Sharmini Nathan Green, Reg. No. 41,410; David R. Halvorson, Reg. No 33,395; Enc 
Ho Reg. No. 39,711; George W Hoover II, Reg. No. 32,992; Eric S. Hyman Reg. No. 301 39, Dag H. 
Johansen, Reg. No. 36,1721 Stephen L. King, Reg. No. 19,180; Michael J Ma lie, Reg. No 36,591, 
Kimberley G. Nobles, Reg. No. 38,255; Ronald W. Reagin, Reg. No. 20 340; James H. Salter. Reg. No 
3^668; William W. Schaal, Reg. No. 39,018; James C. f cheller Reg. No 31,195, Chartes E. Shemwell, 
Reg. No. 40,171; Maria McCormack Sobrino, Reg. No. 31,639; Stanley W Sokoloff Reg. No. 25,128, 
Allan T. Sponseller, Reg. No. 38,318; Steven R. Sponseller, Reg. No. 39,384; f A .Szepesi, Reg. N^^^ 
39,393; Edwin H. Taylor, Reg. No. 25,129; George G. C. Tseng, Reg No 41,355, Lester J. Vincent, Reg. 
No 31,460; John Patrick Ward, Reg. No. 40,216; Ben J. Yorks. Reg No. 33,609; and Norman Zafman 
Reg. No. 26,250; my attorneys; and Robert Andrew Diehl Reg. No. 40,992; Thomas A^ H^^^^ 
36,159; and Edwin A. Sloane, Reg. No. 34,728; my Patent agents of BLAKELY SOKOLOFF W 
ZAFMAN LLP with offices located at 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025, 
telephone (310) 207-3800, and Joseph R. Bond, Reg. No. 36^458, Richard C. Calderwood Reg. Na 
35 468- Sean Fitzgerald, Reg. No. 32,027; David J. Kaplan, Reg. No. 41,105; Leo V Novakoski, Reg. No. 
37;i98 Naomi Oblnata, Reg"" No. 39,320; Thomas C. Reynolds, Reg. No. 32,488; Steven P f ka^^^^^^ , 
Reg No. 36,279; Howard A. Skaist, Reg. No. 36,008; Steven C. Stewart, Reg. No. 33,555. Raymond J. 

Wemer. Reg. No. 34.752; and Charles K. Young. Reg. No. 39,435; my patent attorneys, of INTEL 

CORPORATION; and James R. Thein. Reg. No. 31.710, my patent attorney, with full power of substitution 
and revocation, to prosecute this application and to transact all business in the Patent and Trademark 
Office connected herewith. 

Send correspondence to Howard A. Skaist. Intel Corporation, do BLAKELY SOKOLOFF TAYLOR& 

(Nameof Attorney or Agent) 
ZAFMAN LLP. 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025 and direct 
telephone calls to Howard A. Skaist . (503) 264-0967. 

(Name of Attorney or Agent) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Full Name of Sole/First Inventor _ 

Inventor's Signature 

Residence Phoenix. Arizona 



Randall R. Dunton 



Date 



Post Office Address . 



(City, State) 
16026 S. 14^^ Drive 



, Citizenship , 



Phoenix. Arizona 85045 



Full Name of Second/Joint Inventor Sasi K. Kumar 



Inventor's Signature 

Residence Chandler. Arizona 



Date 



Post Office Address , 



(City, State) 
1423 W. HoDi Drive 



Citizenship . 



Chandler. Arizona 85224 



Full Name of Third/Joint Inventor Ashutos h J. Bakhle 

Inventor's Signature ^ 

Residence Chandler. Arizona 



Date 



Post Office Address , 



(City, State) 
993 N. Sicily Drive 



Citizenship . 



Chandler. Arizona 85226 



Full Name of Fourth/Joint Inventor. 

Inventor's Signature , 

Residence 



Date 



Citizenship . 



(City, State) 



USA 



(Country) 



Canada 



(Country) 



India 



(Country) 



(Country) 



Post Office Address . 
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